IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
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1020030035962 <£t}-: 2003/9/25 

£ 1 
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1020030035962 %^ 2003/9/25. 

^ #4 $ 5- ^ °]« °l-§-tt PLANAR LIGHTWAVE CIRCUIT AND 

OPTICAL PERFORMANCE MONITORING MODULE USING THE SAME} 

^-^^r^-cf^ (wave length division multiplexing: WDM) ^-f-^l Al^agoflA] -bJ-a^ 

-B- xflJS. *}^Kr ^JL cf- i^Aj-g- cf-o] ^(channel)** 5L^- 
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1020030035962 #^ «^^>: 2003/9/25 

SRftfl, 4 *ti\t°fl *M tfl ti] (optical signal to noise ratio: OSNR), 4^-, 43 

§■3 s-^^. 2-u)^^^7l ^71 %^ Aj^Efl^. ^ajjt £u)E^ ^(optical 

performance monitor: 0PM)# 5E.^-sr>7fl ^cf. 

^ sa°-H-, ^ sa^ t^m u o v ^# *n^* r *i *tr^ sa^. 

2.^. ^KPolariztion Mode Dispersion: PMD;M?1- ^-B-^l 3H3-fr« ^f- 

4*Kr %*13l<>) ^ ^^-§-^1 If^Rr S^(core) ^ 

alcH^i, 01^ ^HH°} ^H3l^(stress) wlcfl^i ^ofl 14^14^ 

^1 ¥ ^Ir-i: £^Rr ^£-#4 ^£1- (group velocity)^ j^o] 

Tfl S)JL, ^1 ^4 Al^h^ ^o] (differential group delay; DGD)°H ^tr ll^(pulse) 4^ 

°1 ^*Hr 3* ifttt}. #-^J^ ^-8: ^3^1 oiolA-1 m^ol 

tf^tr ^sfl^l -g^l^-g- «fl^^>7l ^^i, ^-2^ 

^ SMEl^ 5.tt ^l^f-°fl $14. 
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1020030035962 #^ «J*}: 2003/9/25 

o> SE^-, £ -E-^ ^-a]^^ ^^-i: ^*Kr -§-51 ^}-g- 

€ 9X$r ^ #4 5]St *fl^<H| Sir}. 
:io> #7]$. ^^l^^r «fl^^V7) -S. ^o)} 4^ ^ W ^^-S-^-Ei 

-¥-1- ^M^ul, ZL ^2 ^-i; -f-^fl #^<5Rr *fl2 #7l «>A>^ o] ^ 

^ ^3 #7) ^3 .E^S.^ ^-Tgl-ofl ^-f-^o.^. ^5^, ^-71 ^12 SSt-S. 



2.5: ^1-71 

J£l-(200)^- sg^ W s1S.(100)2f, ^11 ^ ^112 ^#71(210,220)1- S^r^h 
-SM #4 4]S(100)^ *V£*11 71^(110) «8^S)nJ, ^3-° 5. 31 "cr ^"^1- 

# ^tt *fll m £5)-s.(i21-123)fif, ^-71 *fll ifl^l ^13 £^S.(121~123)# ^e^Rr # 
sfl = (130)# i^-^cf. o.^., s-oj ^3 £^5.(121, 123)<H1 ^3L7> 

* °fl lH8*Hr ^isH^l ^«fl, #7] *fll ifl*l *fl3 £21-5.(121-123)^ ^5 
4^" 7f^ ^ flcf. 4 V 7l ^ 51^(100)51 f^-M^ ^"71 ^11 tfl^l ^13 5. 
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1020030035962 2003/9/25 
45(121-123)21 #^1-4^ 4€- #^1-* ^-S- ^(MOH ^44. #7l ^-f- <^<* 

(140)£r #4 ^ S|S(100)^ ^^-oll #71 4^(110)4 ^44 <g#^ #4 7^ 

*8#4 ^^.o^ ^44. ^1-71 41 tfl4 ^13 £45(121-123)^ 44 #7l ^ 

^(140)^ *fl# ^(141-143) #*fl £#34 &4. ^^£5, ^5 s.<>) ^. 7 j ^ ^3 
£45.(121-123) °12H £451- D] £^*Kr ^1 5^4, #4 -§-g- <3<*(140)^r #4 

7l^ °}<i\9\ c}z}- 7 )3g. ^#-g- 7>^ ^ &4. 0^*}. ^-^l, ^7fS] JE4S.-I- #7l *fll £4 

5(121)4 4^5^ £455. 4-§-^l 444, #4 ##j: a.4Ei 

^ £l-(200)£- 45 4€- 444 # 44* ^i^^£5 ^ &4 44. # 

^ ols-I^V ol^^ Aj-7] ^ <3<*(140)°1 #4 71^3} «g#^g- #|4£, #71 afil £45(121)4 
$1*H1 ^7}4 £451- wfl^l^Hl 444 ^£ &4. #4 ^^(140)^ 

^■7l£ 444 «] ^4°l£5 151 5>4^>, *}^£5 #4 ^ <3<*(140) 4°fl ^ 

^ ^-i: ^ $14. #7l >H] 1 £45(121)^ afll -§^4 5^£-^Ei 

^ 444 ^-#^(151)1- <y^£4 , 42 -f-tfl #71 ^-§- <g*j(140)£5 #71 

S(151)« #^*>4. #34 ^^ (151 ) - <^ tL^ ^.71 ^ ^^(140)1- 44 #71 42 £ 
45(122)4 afli ^-^£5. <^444. #71 42 £45(122)4 4l 4^1 °J44 ##Jl(151) 

^ zl 2jJf7> tiuvsiji, zl 4^4^ ^444. ^4^(152)^ #4 ^2 £45(122)21 ^2 4 

**ll t^H, 44#(153) ^ #71 ^-f- <^^(140)# 44 #71 43 £45 

(123)4 4l 4<3£5 <^444. #71 43 £45(123)4 4l 4^4 »£44(153)£r 4 

2 ^-g- *4 #344. 44 <^44 i>^ 44^1 44 ^°1 , #4 ^2 £45(122)4 ^1 

^(160)-!- 7l^£S #4 ^-#^(151)21 oj A |_z^ tiVAl-4^- §-^4^1, #71 ^-#s 

(15D4 °J44 ^ #^44 ^-4^ ^4 ^^°ll 4 €-4. 
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1020030035962 °J7>: 2003/9/25 

<14> [^-ej-xj i] «,sine 1 =M 2 sine 2 ,e 3 =e, 

<15> ^7} <^*H 1>*IH. nx-8: #7l <3<*(140)4 0 ^ %#5.(151)2\ 

«a*>zh n 2 fe #7l *fl2 £45.(122)4 0 2 -& #7l #^J:(151)4 ZI^JI 0 3 

^ #7l ^Jl(151)4 ^>4* 44^4. ^-71 ^ *S^(140) ^ ^)2 E.s|-S.(122)2l 
1:4 #71 #^1J:(151)4 <a44"fr <^jl ol^ #71 <^44 l>-g- ^<?H MzJ"fr 

<r 5U4. #71 ^4#(152) * *>4^-(153)^r 44 TE §J TM #^g- i^t}. # 

7l ##Jl(151)4 °J44°1 h.^e-1 zKBrewster angle)^] ^4#(153)£r TE # 

5L^?!;4. °14t!: ^-M, #71 ^ #4 45.(100)^ TE £-4*>7l 4tb 

€45-4 71^ 5U4. #7l ^4^(152) Sfe- ^4^(153 HH TE ^ TM 
^-g- 444 sr>7l <^44 2>S. ^44^ Hefl^CFresnel) ^W^} 4*fl 5L#€ ^ 

$J4. 

< l^ > « 1 cos0 1 -w 2 cos8 2 

/• = ,r = 1 +r 

w,cos9 l +w 2 cos9 2 

w 2 cose,-w,cos0 2 n, 



[^*VAl 2] ^ w 2COse,+M,cose 2 n 2 

<17> #7l <^44 2>°lH, r x ^r TE ^£-4 = 3)1^ tiU} tJI^, t x ^r TE #£4 5. 

$M ¥4 3l^r, r y ^r TM €^ #£-4 ^efl^ ^4 31^, =LB\JL t y ir TM #-g-4 Hell'i 
^4 3l^r* 44^4. cfAl -<^^i a o v 7 ] ^-f- ojoa (140) ^ ^ 2 £:45.(122)4 

#1:4- #71 #a1Jl( 121)4 °J44# #71 <^44 1>°\] tfl <y^-o.s.^l #^4* £#^>J1, ^ 
4^1 3*14 £#4 #^4* #7l <^44 2><H1 tH^t^^l ^efl-i Tll^l-gr £#^:4. 
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1020030035962 #^ 2003/9/25 

<18> #7l 4U ^#71(210)^ #4 ^12 £45.(122)4 412 #4 ^45^- #7] 71^(110) 

#°fl ^4^, #7] 411 ^#71(210)^ #4 412 £45.(122)<>lH #34^ ^-4#(152)^r £ 
#^:4. 

<19> #7l 412 4#4 ( 220)^ #7l ^13 £45.(123)4 ^2 ^4 cfl^SlS^- #7l 44:(110) 

#ofl ^^H, #7l A]2 ^#71(220)^ #7l ^13 JE45. (123)^1 4 #^4t= ^4#(153)-8: 3 
#1*4. #71 ^11 ^ *)12 3 #4 ( 210,220)5.^ iSq-ol^^l- 4-g-^- ^ $14 ^7| <^44 
3><41 44vH 44 ^-ol, #7l *fll ^#7l(210)7> ^#tb ^4^(152)4 44xr TE ^ TM 
^£1-4 44 -&4 tJ-4 ^^JL5 ^£4, #71 42 3#4 ( 220)7} 3#tb «h4#U53)4 sj. 
4^r TE ^ TM ^^-1-4 44l"4 ^-4 ^I^Ai ^-4. 

<20> PD { =P x '+P y ' 

t^44 3] ^ 2 =^"^>" 

<2i> #71 <^44 3>°114, PD^ ^4^(152)4 44, P x '^ ¥4#(152) ^ TE ^^4 

44, Py'fe ^4^(152) # TM ^^-21 44, PD 2 ^ al4#U53)o} 44, P x "^ 

(153) # TE 4# ^^-4 44, P y »^ ^44(153) ^ tm 44 ^-£4 441- 44 Mi 4 

. SE*V, #4 ^4^(152) ^ ^-A>^-(153) 44^ TE ^ TM ^£1-4 44l:£r 44 <^ 

<22> ^.'-(i-k/y, , jy-o-k/y, 

[^44 4] 

<23> #7l <^44 4><^14, P x ^ #4 #^1Jl(15D # TE ^£4 44, ^4^1 Pyfe # 
#Jl(15D ^ m #£-4 441- 44^4. 444, ^4 ^-4^(152) ^ #4#U53)4 
44^4, £#4 Hefl-i «>a> Til^i-^; #71 <^44 3>^1 cfl <g ^-o. 5.*| P x ^ P y # *£^r» 
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1020030035962 %^ «J*}: 2003/9/25 

(151)^ TE ^ TM ^-g-i-S] sM^-g: ^ $X^. 

ZL5fl^o]cf. a o v 7 ] Al^efl^ ^-H-(500)S ^s. <£^Q #^l^-(400), #f-^f(510), *W 
^#3^(520), #^]JL (300) ^ (600)-& i^W. 

<25> a o v 7 ] ^aiw.( 400 )^ tflxl ^ n eflol^ t+o]-2-^- (410)5+, *fll vfl*l afln ##^71 

(420)5+, t+f^7l(430)» i^-W. *l]n eflo]^ t}o-|j2..EL(410) ^ 

^ 7l^^§€ 4^ afll ifl^l Xln ##i]7l(420)Tr #7} *fll Xln 

3H*i ^HiL-Ei(410)5+ 1}tfl<|] ^^H, ^ tfl S^*]-7l ^^fl <g^=1 ^ 

^o] ^Al^lcf. a o v 7 ] 2j-^V«-^- cf^5|-7H430)^ #7l 1 ifl*l *\}n 71(420)5+ 

^^H, XI 1 *fl*l Xln ^^(Xl~An)t tWI-SM, t+^3+^ Mlf ^>7l 

(500)1- **fi °1 °fl, ^7l XU tfl^l Xln 5fli(M-Xn)^ ^5. 7l^€ sj-^V #3 

<26> ^-71 #^=--^(510)^ ^>7l #^-^(400)5+ ^7} #^^(600) *}o]Mr ^^Hrr 

4K500) afl^lsl^, <g§m f^lit ^71 W^(510)S^ ^ 

7> ^#71 (erbium doped fiber amplifier: EDFA)» ^>-g-^" ^ ^-2.^ , #7l <H-g- ^7> 

^ o. ^a 7 }^ ^ £ a^o. J§-*fl <^s} ^-a]s# ^*Rr ^7} ^-fr5+, ^"71 <H# 

^7> ^-fh-I- ^ 5 $*}7} ^(pump source)* StKh}. 

<27> #7l #^-¥-(600)tt 3r^ v ^-«- t+f^l (610)5+, ifl^l SSt+ol^.^ (620)5+, 
Xll X)n ^7l(630)# 3£«-*Vt+. a o v 7 ) cH^ 7 ](610)^r ^"7l ^-fr(500)5+ ^ 
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1020030035962 %^ 2003/9/25 

^71(630)^ #7l afll vfl^l *fln iScfol^.H.(620)^- ^tfl^ ^^H, 4^ «a^€ 3 7] *\3L 

^"71 3^ ^#5^(520)^ #7} ^^(510)<H1^ %*\3L<!\ ^9 £7} 

^-71 ^KIJl 2.^^^ (300)5. 

A o v 7l £^b^ ^1(300)^- tifl^ ^(arrayed waveguides grating: AWG, 

310)sq-, *fll vfl^l ^fln £^Ei^ 3.^(200)2)-, *1H ^(320)1- i^tbcf. #7l «fl<g £.3}- 

5L ^7>(310)^ ^-71^ ^KlJL-i- ca^$-K\v] , ^4^5r^ *U ^ln ^^(Xl~\n)|- # 

^-7) *fll *)lm 2-1-1 ^ S-l-(200)^r <#7] afl<i .Esj-S. 2*x}(310)2\- ^ 

£H, <tm& *U ^ ^12 #7) ^Jl(215, 225)5 ^*\<^ ^cH^- 

(320)^7 A tflt!- ^11 ^ *fl2 ^7l ^1^(215,225)^ 4^1:5^ «fl^ TE ^ TM 

sf^l-^ 5L#tt4. S- 4<H1 «>sq- ^o], ^-71 afl<i ^7>(310)^]^ 

*}l 7\} n *im(\l~Xn) sM9(700)^r ^IJL ^(710)4 #-g- ^£-(720) 

* 3L«-*H, ^(720)^ ^-7) #^"(510 HH 7><g 

(amplified spontaneous emission: ASE).°5. 0]$)^^. #7] ^^1(300)^ ^ 

3 ^ H o V ^^ tf^rTfl ^ 5^. <i-& §7]-^, ^UL^r *fll vfl*l *l]n 

1^(Al~Xn)|- iW^, ^71 Hfll JE^S. ^7>(310)^ *fll tfl*l ^( n +l) ^fl^* #^ ^ 
^1 "A, ^71 ^l(n+l) ^flW^- ^IJl-g-^S. A}-g-s]*l ofla] ^fl^s. ^ ^o.^ , 

A o V 7l ^l(n+l) ^7) W^-^-(510)^l^ 7><g « 0 >#^ i^-^f^ ^-g- ^^-^A 
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1020030035962 #^ <^^>: 2003/9/25 

S. ol-^o^tq-. ^^(xi)ofl cfl*v ^-ais cfl ^--g-wl^ Pn+l/(Pn+l-Pl)S Pl^ 

*Hl Pn+l^: *)l(n+l) ^H^^ 34^* M-Bj-vflcf. o] nfl, Zj- #7] zj. 

sqel^ 2.^(200)^1^ #^£)tt *fll ^ *fl2 #71 ^151(215,225)^ 3*H*|M ^ ^ 
^2jJlJL ^°^§>cf. ol <q. t}JMl, #7} ^-AiJ: 5.^3*3 ^1(300)^ 71^^ ^ *W 

1- £51 SXJL, *fl^ s^qs.}. «]J51^-o.^ gflTg- sfl^ofl cfltl: ^Jl nfl ^-g-Wll- 

^ 9X^. a*V, ^7] #*1(300)t7 ^"71 afll ifl^l *fl m #A]Jr £ u|e^ 

2- l-(200)^ #a ^A>^-o. S ^(7l^ js}-^ wliH^-c.^), oj^^ ^-a]s7V o]a]^Y 



^€ ^ W ol^o.s.^, ^2^1 cflsM ^2 cfl ^ul, 2}-^-, snq, 

^ ^1 *>-g-€ ^ &i=Hr ol ^ol 01 cf. 
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1020030035962 2003/9/25 
1] 

^ ^ MM ^ ^-g- <3^# ^^-S. ^ #4 SIS. 

2] 

^71 ^-f- ^-71 ^ W ^Hl ^€ ^ 71^ <§#S] JL^al, 

^ 

3] 
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1020030035962 %;^ <QA- 2003/9/25 

4441- ^444^ m £4^-4, 

#4 aVAf^-ol <y^4^ X]3 £31-5.4, 

#4 XI i n)4 xi 3 £4^-4 #^#on ^^o. s #4 xi 2 £4^-4 #^1-4 

^ 4€r ^-S- <£4* 3L#*H=- ^ %4 4S.4; 

#4 xi 2 £4s fl M #^4tt ^4%-i- 3#*V*r XI l £#44; 

#4 xl 3 5i4sL°lH #34^ ^-4^-* 3#*Rr xl 2 ^#7l» ifeH, 

#4 XI 1 tfl4 X13 £45.4 ^tr«4, #4 <344 #^1-4, #4 XI 2 £4s 
4 ^4 U-id* 4§o_s 4^ #7l #^1Jl4 ^44 ^ #^4-^-5.^-4 £44^ te 
^ TM *1#4 = 8fl^i Tfl^i-4, #4 f-4# ^4^-4 44 #5^-4 #4 #^4 TE ^ 

TM 444 44 £#^-8: ^r$°-3. %llSL £-44^ 2.1- . 

[3^* 4] 

X13%H1 &44, 

#4 te 3! TM ^#4 441--S: *>4 <^44 5>«- 4-§-44 £#^* ^3 



18-14 




1020030035962 ^^ 2003/9/25 



[*r*Hl 51 



pd 2 =p x " + p;> 

w.cos9,-".>cos8-> 

= — ,f = 1 +r 

M,cose,+« 2 cos9 2 

«,cose,-M,cose, 

r= — / = — -CI +r ) 

y » 2 cose 1 +« 1 cos0 2 ' y n 2 y 

M 1 sine,=M 2 sine 2 ,9 3 =G 1 
P,"=K\ 2 P x ,P y "=\r/P y 



(PDi : ^4^4 4*1, P x ' : ^4# # TE 4^, p y - : Jf4# ^ m 

^£•4 4*1, PD 2 = ^>^4 4*1, P x " : ^HJ" # TE ^£-4 43, P y " : #a}-£ ^ TM 

^4 4*1 , P x : ^ TE ^£4 4^, p y : ^HQJl # TM ^ ^£-4 

4*1, r x : TE ^ ^3-4 Hefl^i *>a} ni : ^ ^^^- > 9l : <^a> 



zj-, n 2 : *fl2 514^4 0 2 : Jf4#4 t x : TE ^£-4 s e flv S ^ ^ 

t. r y : TM ^£4 = efl^i «Va> 31^, ty : TM ^£4 £5lM ^4 31 ^r) 



5] 

A o V 7l f^i7} #7l ^12 £4^.51 afll cf^ofl Jl^^Ei Z}-0.5. ^Aj-^O.^.*), ^-71 «];A|- 

TE ^£-*?hg- £ftf ^ #^Jl 2.^4*3 £f. 

6] 



18-15 



1020030035962 <Qx\: 2003/9/25 

#7l ^ ^7] ^ #ofl ^£ z\7j- 71^ %~2r ^*}3L, 

M^: 2.1- . 

[3^*8- 7] 

A cM ^ #4 7l^^ ^ 0 Kg- ^f-g; ^-^^.s. *}±r £L]E]^ s.^. 
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3 <|J*}: 2003/9/25 
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